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(54) A data storage apparatus that either certifies a recording medium in the background or 
verifies data written in the recording medium 



(57) A data storage apparatus (63), which can for- 
mat a recording medium (11) in the background, that 
verifies data written in a designated region of the record- 
ing medium (11) if the designated region has not yet 
been certified in the background, and writes the data in 
an alterative region of the recording medium if the des- 
ignated region is found defective. Since the datastorage 



apparatus either certifies the designated region of the 
recording medium (11) or verifies the data written in the 
designated region, the data storage apparatus can en- 
hance the reliability of the data written in the recording 
medium (11), but the data storage apparatus does not 
waste time by verifying the designated region of the re- 
cording medium (11) two times or more. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0001] The present invention relates to a data storage 
apparatus, and more particularly, to a data storage ap- 
paratus that stores data designated by a user in rewri- 
table recording media such as CD-RW (Compact Disc 
- Rewritable) and DVD+RW (Digital Video or Versatile 
Disc + Rewritable). 



2. Description of the Related Art 

[0002] Universal Disc Format (UDF) is a standard file 
system for rewritable data storage media such as 
CD-RW and DVD+RW. UDF is applicable to various da- 
ta storage apparatuses since UDF uses various record- 
ing formats suitable to respective recording media. 
[0003] Among UDF, random UDF is used for CD-RW 
and DVD+RW that are randomly accessible as well as 
rewritable. 

[0004] In the case of CD-RW, it is necessary to format 
a disk by writing dummy data in the entire recording re- 
gion or at least a designated recording region of the disk 
in order to write or to read data at random. In the case 
of DVD+RW, an unrecorded region of a disk also must 
be formatted by storing dummy data in advance to es- 
tablish compatibility with conventional DVD-ROM 
drives. 

[0005] Another object of formatting is to detect an in- 
herent defect in the disk in order to avoid the writing of 
data in the defective region when real data are written. 
[0006] That is, a data storage apparatus verifies the 
dummy data written in the entire region of the disk that 
has been formatted. This is called certifying processing. 
[0007] A sector in which a defect is found by the cer- 
tifying processing is registered as a defective sector, 
and its information is stored in a predetermined area of 
the disk. In the case that the defective sector is to be 
accessed for the writing or reading of data, another sec- 
tor in which no defect was found by certifying is ac- 
cessed on behalf of the defective sector. A method of 
detecting a defective sector in a disk is described in Jap- 
anese Laid-open Patent Application No. 7-176142, for 
example, as related art. 

[0008] As described above, while a disk is being for- 
matted, the data storage apparatus writes dummy data 
in the entire region or at least a designated region of the 
disk and verifies the dummy data, if necessary. The time 
required for formatting the disk increases proportionally 
to the increase of memory capacity of the disk. 
[0009] As a solution to this problem, a data storage 
apparatus that performs the formatting of a CD-RW disk 
and/or a DVD+RW disk in the background so that a user 
could write and/or read data in a short time period after 
the user requests to format the disk is proposed in the 



Japanese Laid-open Patent Application No. 11-134799, 
for example. 

[0010] While no user data are being written or read in 
the disk, the proposed data storage apparatus writes 
5 dummy data in an unformatted region, or verifies the 
dummy data written in a formatted region to certify the 
formatted region. If the user requests to write/read user 
data while the disk is being formatted in the background, 
the data storage apparatus temporarily stops (sus- 
10 pends) the formatting processing and writes/reads the 
user data in compliance with the user's request. Accord- 
ingly, the data storage apparatus, while formatting the 
disk in the background, performs the writing and reading 
of the user data, the writing of the dummy data, and the 
« detecting of a defective sector by the certifying process- 
ing in parallel. 

[0011] In the case of the formatting in the background 
according to related art, however, the data storage ap- 
paratus writes user data in an uncertified region, which 
20 may be a defective sector. If the uncertified region is de- 
fective, the user data may be lost. 

SUMMARY OF THE INVENTION 

25 [001 2] Accordingly, it is a general object of the present 
invention to provide a novel and useful data storage ap- 
paratus in which one or more of the problems described 
above are eliminated. 

[0013] Another and more specific object of the 
30 present invention is to provide a data storage apparatus 
that can securely write user data even during the back- 
ground formatting of the disk. 

[0014] To achieve one of the above objects, a data 
storage apparatus that certifies a recording medium in 
35 background by writing dummy data in said recording 
medium and verifying said dummy data, according to 
the present invention is structured by a buffer unit that 
temporarily stores data provided from an exterior, and 
a controller unit that receives a request from said exte- 
40 rior to write said data in a designated region of said re- 
cording medium, writes said data in said designated re- 
gion, determines whether said designated region has 
been certified, verifies, if said designated region has not 
been certified, said data written in said designated re- 
45 gion by comparing with the buffered data, and writes, if 
a portion of said designated region is found to be defec- 
tive, the portion of the buffered data corresponding to 
data written in the defective portion of said designated 
region, in a predetermined alterative region of said re- 
50 cording medium. 

[001 5] Since the data storage apparatus according to 
the present invention either certifies the designated re- 
gion of the recording medium while the designated re- 
gion is formatted in the background or verifies the data 
55 written in the designated region of the recording medi- 
um, the data storage apparatus can enhance the relia- 
bility of the data written in the recording medium, but the 
data storage apparatus does not waste time verifying 
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the designated region of the recording medium twice or 
more. 

[0016] Other objects, features, and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 is a block diagram showing an optical disk 
drive as an embodiment of the present invention; 
Figs. 2A through 2E are schematic drawings show- 
ing how dummy data and user data are written or 
read in a DVD+RW disk by the optical disk drive as 
an embodiment of the present invention; 
Fig. 3 is a flow diagram showing the operation of an 
optical disk drive as an embodiment of the present 
invention; 

Fig. 4 is a flow diagram showing an operation of an 
optical disk drive as another embodiment of the 
present invention; 

Fig. 5 is a flow diagram showing an operation of an 
optical disk drive as yet another embodiment of the 
present invention; 

Fig. 6 is a flow diagram showing an operation of an 
optical disk drive as yet another embodiment of the 
present invention; and 

Fig. 7 is a schematic drawing showing an informa- 
tion processing system that is provided an optical 
disk drive as an embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] The preferred embodiments of the present in- 
vention will be described below by reference to draw- 
ings. 

[001 9] Fig. 1 is a block diagram of an optical disk drive 
as an embodiment of the present invention. 
[0020] The optical disk drive as an embodiment of the 
present invention is provided with a spindle motor (here- 
inafter referred to as a "motor") 1 that rotates an optical 
disk 11 such as CD, CD-R, CD-RW, and DVD, an optical 
pickup 2 having a semiconductor laser that applies a la- 
ser beam L to a recording region of the optical disk 11 , 
and a coarse actuator 3 that actuates the optical pickup 
2 in the radial direction of the optical disk 1 1 in collabo- 
ration with a seek motor (not shown) provided in the op- 
tical pickup 2. 

[0021] The optical disk drive showed in Fig. 1 is further 
provided with a rotation control unit 4 that controls the 
rotation of the motor 1 , a coarse actuator control unit 5 
that activates the coarse actuator 3, an optical pickup 
control unit 6 that controls the optical pickup 2, and a 
signal processing unit 7 that processes a signal read by 



4 

the optical pickup 2 from the recording region of the op- 
tical disk 1 1 and a signal to be written by the optical pick- 
up 2 in the recording region of the optical disk 11 . 
[0022] The optical disk drive showed in Fig. 1 is further 

5 provided with a cache memory 8 that temporarily stores 
data read from the optical disk 1 1 , and a controller 9 con- 
sisting of electronic components such as a CPU, ROM, 
and RAM, that perform various processing in connection 
with the present invention as well as the controlling of 

10 the other control units 4, 5, and 6 and the signal process- 
ing unit 7. 

[0023] The controller 9 is connected with a host com- 
puter through an external interface 10 so that the con- 
troller 9 transmits user data read from the optical disk 
15 11 to the host computer in response to a request from 
the host computer and receives user data to be written 
in the optical disk 11 from the host computer. 
[0024] The optical disk drive showed in Fig. 1 per- 
forms the background formatting as an embodiment of 
the present invention as well as the reading and writing 
of user data by rotating the optical disk 11 by the motor 
1 , actuating the optical pickup 2 in the radial direction of 
the optical disk 11 , and applying the laser beam L emit- 
ted by the semiconductor laser provided in the optical 
pickup 2 to the recording region of the optical disk 11 . 
[0025] In the case of the writing of information, the in- 
formation received from the host computer through the 
external interface is temporarily stored in the cache 
memory 8, and is converted into a write signal by the 
signal processing unit 7. The write signal is recorded in 
the optical disk 11 by applying a laser beam L by the 
optical pickup 2 to the recording region of the optical 
disk 11. 

[0026] In the case of the reading of information, the 
information read from the recording region of the optical 
disk 1 1 in response to a request from the host computer 
is temporarily stored in the cache memory 8, and is 
transferred to the host computer through the external 
interface 10. 

[0027] That is, the controller 9 and the other compo- 
nents showed in Fig. 1 read and write information in a 
recording medium and format the recording medium in 
the background by writing dummy data in the recording 
medium while no information is to be read or written. 
The formatted region of the recording medium is certi- 
fied by verifying the dummy data written in the formatted 
region. In the case that the host computer requests to 
write information while the recording medium is being 
formatted in the background, the recorded region of the 
recording medium is certified by verifying whether any 
defect exists in the recorded region. If a defect is found 
in the recorded region by certifying, the information writ- 
ten in the defective region is written again in a predeter- 
mined alterative region (relocating processing). 
[0028] In the case of the writing of information to a 
recording region of the recording medium, the controller 
9 determines whether the recording region has been 
certified and, if the recording region has been certified, 
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does not verify the information recorded in the recording 
region. 

[0029] Furthermore, in the case of the writing of infor- 
mation to a recording region of the recording medium, 
the controller 9 determines whetherthe optical disk drive s 
is set at the mode in which the formatted region is to be 
certified or not. If the controller 9 determines that the 
optical disk drive is set at the mode in which the format- 
ted region is not to be certified, the controller 9 does not 
verify the information written in the recording region. 10 
[0030] Furthermore, the controller 9 determines, 
when information is to be written in the recording medi- 
um, whether the information is classified as one that 
needs to be written again (relocated) in an alterative re- 
cording region if the recording region where the infor- is 
mation has been written is found defective. If the infor- 
mation does not need to be recorded in an alterative re- 
cording region, the controller 9 does not verify the infor- 
mation that has been written in an uncertified recording 
region. 2 o 
[0031] Additionally, the information indicating whether 
the written information is to be relocated (written again 
in the predetermined alterative region) can be trans- 
ferred from the host computer by setting the information 
as a mode parameter or sending the information as a 25 
command parameter before the user data are trans- 
ferred from the host computer to the optical disk drive. 
[0032] The ordinary background formatting of a 
DVD+RW disk will be described next before describing 
the background formatting according to the present in- 30 
vention in more detail. 

[0033] Figs. 2A through 2E are schematic drawings 
showing how dummy data of the background formatting 
and user data are written and read in a DVD+RW disk, 
the optical disk 11. 35 
[0034] As shown in Fig. 2A, when an unformatted op- 
tical disk 1 1 (a blank disk) is inserted into the optical disk 
drive, a portion of a lead-in area (lead-in region) 20 is 
formatted with a predetermined format as an initializa- 
tion of the formatting processing of data recording re- 40 
gion. User data can be written in a user data area 21 in 
response to a request from the host computer after this 
initialization. A lead-out area 22 is provided in the rear 
of the user data area 21 . 

[0035] As shown in Fig. 2B, the optical disk drive 45 
starts the background formatting of the blank disk if no 
request from the host computer to write and read user 
data has been received by recording dummy data in an 
unrecorded region 23 in the inner radius of the optical 
disk 11. 50 
[0036] As shown in Fig. 2C, if the host computer re- 
quests to write user data in the optical disk 11 while the 
background formatting is proceeding, the background 
formatting (the writing of the dummy data) is suspended, 
and the user data are written in recording regions 24 55 
designated by the host computer. 
[0037] As shown in Fig. 2D, after finishing the writing 
of the user data in the designated regions 24, the back- 



ground formatting is resumed from the address indicat- 
ed by a letter "A" at which the background formatting 
was suspended, and dummy data are recorded in re- 
cording regions 25. 

[0038] After finishing the writing of the dummy data in 
unrecorded regions, the optical disk drive starts certify- 
ing from the head of the recording region. As shown in 
Fig. 2E, if the host computer requests to write user data 
in designated recording regions 26 when the certifying 
has been performed up to the address indicated by a 
letter "B", the certifying processing is suspended, and 
the user data are recorded in the recording regions 26 
designated by the host computer. 
[0039] The certifying processing is resumed from the 
address B at which the certifying was suspended. If a 
defective recording region (sector) is found, the user da- 
ta written in the defective recording region are written 
again (relocated) in a predetermined alterative region 
provided in the optical disk 11 . 

[0040] The operation of the controller 9 as an embod- 
iment of the present invention described in claim 1 will 
be explained below. 

[0041] Fig. 3 is a flow diagram showing the operation 
performed when the recording of user data is requested, 
as an embodiment of the present invention claimed in 
claim 1 . 

[0042] When the host computer requests the writing 
of user data, the optical disk drive writes the user data 
in a recording region designated by the host computer 
in the request (step S1). The optical disk drive deter- 
mines whether the background formatting has been 
suspended (step S2). 

[0043] If the optical disk drive determines that the 
background formatting has not been suspended in step 
S2, the optical disk drive finishes the performance re- 
sponding to the request to write the user data. 
[0044] If the optical disk drive determines that the 
background formatting is being suspended in step S2, 
the optical disk drive certifies the recording region of the 
optical disk 11 by verifying the user data written in the 
recording region (step S3). If a defect is found in the 
certifying process, the user data are written in an alter- 
ative recording region of the optical disk* 11 (relocating 
processing). 

[0045] In summary, unless the host computer re- 
quests to write or read user data, the optical disk drive 
keeps formatting the optical disk 11 in the background. 
Once the host computer requests to write user data, the 
optical disk drive suspends the formatting of the optical 
disk 11, and writes the user data in the designated re- 
cording region of the optical disk 11. Then, the optical 
disk drive certifies whether any defect exists in the des- 
ignated recording region of the optical disk 1 1 by verify- 
ing the written user data. If a defect is found in the des- 
ignated recording region, the optical disk drive writes the 
user data written in the defective recording region again 
in a predetermined alterative recording region in the disk 
11 (relocating processing). After this certifying process, 
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the optical disk drive resumes formatting the remainder, 
of the optical disk 11 in the background. 
[0046] Accordingly, the optical disk drive as an em- 
bodiment of the present invention can guarantee the re- 
liability of user data written during the background for- 
matting by verifying the user data to find any defect ex- 
isting in the recording region where the user data have 
been written. 

[0047] If the recording region in which the user data 
are written has been certified during the background for- 
matting of the recording region, the verifying processing 
of the written user data is not necessary. 
[0048] Processing connected to claim 2 of the present 
invention that is performed by the controller 9 of the op- 
tical disk drive will be described next. 
[0049] Fig. 4 is a flow diagram showing the processing 
connected to claim 2 of the present invention that is per- 
formed when the host computer requests to write user 
data. 

[0050] When the host computer requests the writing 
of user data, the optical disk drive writes the user data 
in a recording region designated by the host computer 
in the request (step S11). The optical disk drive deter- 
mines whether the background formatting has been 
suspended (step S12). 

[0051] If the optical disk drive determines that the 
background formatting has not been suspended in step 
S12, the optical disk drive finishes the request for the 
writing of user data. 

[0052] If the optical disk drive determines that the 
background formatting is being suspended in step S12, 
the optical disk drive further determines whether the re- 
cording region where the user data are written has been 
certified when the recording region was formatted (step 
S 1 3). If the optical disk drive determines that the record- 
ing region where the user data is written has been cer- 
tified in step S13, the optical disk drive finishes the re- 
quest for the writing of user data. 
[0053] If the optical disk drive determines that the re- 
cording region where the user data is written has not 
been certified yet in step S13, the optical disk drive cer- 
tifies the recording region where the user data are writ- 
ten in order to find any defect by verifying the user data. 
If no defect is found, the optical disk drive finishes the 
request for the writing of the user data. If a defect is 
found, the optical disk drive writes the user data written 
in the defective recording region again in a predeter- 
mined alterative recording region, before finishing the 
request for the writing of the user data. 
[0054] In summary, unless the host computer re- 
quests to write or read user data, the optical disk drive 
keeps formatting the optical disk 1 1 in the background. 
Once the host computer requests to write user data, the 
optical disk drive suspends the formatting of the optical 
disk 11 , and writes the user data in the designated re- 
cording region of the optical disk 11. In this case, the 
optical disk drive determines whether a designated re- 
cording region has been certified. If the recording region 



has been certified, the optical disk drive does not verify 
the user data written in the recording region. If the re- 
cording region has not been certified, the optical disk 
drive verifies the user data written in the recording re- 

5 gion in order to find any defect existing in the recording 
region. If any defect is found in the recording region, the 
user data is written again in a predetermined recording 
region of the optical disk 11 (relocating processing). 
Then, the suspended background formatting is re- 

10 sumed. 

[0055] As described above, the optical disk drive as 
an embodiment of the present invention does not verify 
the user data that are written in a certified recording re- 
gion, so that the optical disk drive does not repeat an 
is unnecessary verification and reduces the time required 
for the writing of the user data. 

[0056] Ordinarily, if a user does not need to relocate 
user data written in a defective recording region to a pre- 
determined recording region of the optical disk 11 , the 

20 user probably does not need to certify the optical disk 
11 when the optical disk 11 is formatted. It would be use- 
ful for the user if the user could select whether to certify 
the optical disk 11 when the optical disk is formatted. 
Accordingly, it would be useful for the user if the user 

25 could determine, when the optical disk drive starts for- 
matting, whether to certify the optical disk 1 1 . If the user 
does not need to certify the optical disk 11 when format- 
ting the optical disk 11 in the background, the optical 
disk drive does not need to verify the user data written 

30 jn the recording region. 

[0057] The processing performed by the controller 9 
and other components of the optical disk drive, connect- 
ed with claim 3 of the present invention will be described 
next. 

35 [0058] Fig. 5 is a flow diagram showing the processing 
that is performed when the host computer requests the 
optical disk drive to write user data. 
[0059] When the host computer requests the optical 
disk drive to write user data, the optical disk drive writes 

40 the user data in a recording region designated by the 
host computer in the request (step S21 ). The controller 
9 determines whether the background formatting has 
been suspended (step S22). 

[0060] If the controller 9 determines that the back- 
45 ground formatting has not been suspended in step S22, 
the optical disk drive finishes the performance respond- 
ing to the request of the host computer. 
[0061] If the controller 9 determines that the back- 
ground formatting has been suspended in step S22, the 
50 controller 9 further determines whether the optical disk 
drive is set at a certifying mode in which certifying 
processing is required (step S23). If the controller 9 de- 
termines that the optical disk drive is not set at the cer- 
tifying mode in step S23, the controller 9 finishes the 
55 performance responding to the request of the host com- 
puter. 

[0062] If the controller 9 determines that the optical 
disk drive is set at the certifying mode, the controller 9 
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verifies the user data written in the designated region. 
If no defect is found, the controller 9 finishes the per- 
formance responding to the request of the host compu- 
ter to write the user data. If any defect is found, the con- 
troller 9 performs relocating processing in which the us- 
er data written in the defective region is written again in 
a predetermined alterative region in the optical disk 11 , 
and finishes the performance responding to the request 
of the host computer to write the user data. 
[0063] In other words, when an unformatted optical 
disk 1 1 is set at the optical disk drive, the controller 9 of 
the optical disk drive starts formatting the unformatted 
optical disk 11 in the background. When the host com- 
puter requests the optical disk drive to write user data, 
the controller 9 suspends the background formatting 
and writes the user data in a recording region of the op- 
tical disk 11 designated by the host computer. The con- 
troller 9 determines whether the optical disk drive is set 
at the certifying mode in which certifying processing is 
required when the optical disk 11 is formatted. If the con- 
troller 9 determines that the optical disk drive is set at 
the non-certifying mode in which certifying processing 
is not required, the controller 9 resumes the formatting 
processing of the optical disk 11 after finishing the writ- 
ing of the user data without certifying processing. If the 
controller 9 determines that the optical disk drive is set 
at the certifying mode, the controller 9 certifies the des- 
ignated region by verifying the user data written in the 
designated region. If any defect is found in the desig- 
nated region, the controller 9 relocates the user data by 
writing again the user data in a predetermined alterative 
region in the optical disk 11. Then, the controller 9 
resumes the suspended background formatting of the 
optical disk 11. 

[0064] In this case, if the controller 9 determines that 
the optical disk drive is set at the non-certifying mode, 
the controller 9 does not verify the user data written in 
the designated region. In this processing, the controller 
9 can avoid repeating the unnecessary verification of the 
designated region and reduce processing time required 
to write the user data in the optical disk 11 . 
[0065] As described above, it is useful to verify the 
user data written in a designated region of the optical 
disk 11 if the designated region has not been certified 
yet during the background formatting. The verifying of 
the user data written in the designated region ensures 
the reliability of the user data, but increases time re- 
quired to perform the writing of the user data responding 
to the request of the host computer. 
[0066] In the case that a long series of data are to be 
written in consecutive addresses in the optical disk 11 , 
however, the optical disk drive requires a long time to 
verify the sequential data since the controller 9 has to 
suspend writing to verify the sequential data. Frequent 
verifications greatly lower the performance of the optical 
disk drive. In the case of video data, for example, in 
which constant data transfer is more important than re- 
liability of each piece of data, the verifying processing 



is not appropriate. 

[0067] In this case where constant data transfer is re- 
quired, rt is preferred not to relocate user data even if a 
recording region where the user data are written con- 
s' tains a defective sector. If the optical disk drive has a 
mode in which relocating processing is not performed, 
the user can set the optical disk drive at the non-relo- 
cating mode when the user writes video data, for exam- 
ple, in the optical disk 11. 
io [0068] Processing of the controller 9 as an embodi- 
ment of the present invention described in claims 4 
through 6 will be described below. 
[0069] Fig. 6 is a flow diagram showing the processing 
performed when the writing of user data is requested as 
*s an embodiment of the present invention claimed in 
claims 4 through 6. 

[0070] When the host computer requests the optical 
disk drive to write the user data in the optical disk 11 , 
the controller 9 writes the user data in a designated re- 
& gion of the optical disk 11 (step S31). The controller 9 
then determines whetherthe background formatting has 
been suspended (step S32). 

[0071] If the controller 9 determines that the back- 
ground formatting has not been suspended in step S32, 
25 the controller 9 finishes the performance responding to 
the request of the host computer. 
[0072] If the controller 9 determines that the back- 
ground formatting has been suspended in step S32, the 
controller 9 determines whetherthe optical disk drive is 
30 informed that the user data does not require the reloca- 
tion processing (step S33). If the controller 9 determines 
that the optical disk drive is informed that the user data 
does not require the relocation processing in step S33 
(that is, the optical disk drive is set at a mode in which 
35 the relocation processing is not performed), the per- 
formance responding to the request for the writing of us- 
er data is finished. 

[0073] If the controller 9 determines that the optical 
disk drive is not informed that the user data does not 
40 require the relocation processing in step S33 (that is, 
the optical disk drive is set at a mode in which the relo- 
cation processing is performed), the controller 9 verifies 
the user data written in the designated region and per- 
forms the certifying processing (step S34). If no defect 
45 is found in the designated region, the performance re- 
sponding to the request for the writing of user data is 
finished. If any defect is found in the designated region, 
the relocating processing is performed before the per- 
formance responding to the request to write user data 
50 is finished. 

[0074] In summary, if the host computer does not re- 
quest to read or write user data, the controller 9 starts 
formatting the optical disk 1 in the background by writing 
dummy data. If the host computer requests to write user 
55 data while the background formatting is performed, the 
controller 9 suspends the background formatting and 
starts writing the user data in the optical disk 11 as re- 
quested. The controller 9 determines whether an exte- 
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rior system (the host computer or the optical disk drive, 
for example) has designated that the user data are to 
be relocated, if any defect is found by the certifying 
processing. After writing the user data, if the controller 
9 has determined that the relocating processing is not 
necessary for the user data, the controller 9 resumes 
formatting the optical disk 1 1 without performing the cer- 
tifying processing. If the user data requires the relocat- 
ing processing, the controller 9 verifies the user data 
written in the designated region and performs the certi- 
fying processing by checking whether any defect exists 
based on the certifying processing. If any defect is found 
by the certifying processing, the user data written in the 
designated region are written in a predetermined alter- 
ative region of the optical disk 11 again. Then, the sus- 
pended background formatting is resumed. 
[0075] The host computer can send a mode parame- 
ter to the optical disk drive before the optical disk drive 
starts writing the user data in order to inform the optical 
disk drive whether, if any defect is found by the certifying 
processing, the relocating processing is to be per- 
formed. The host computer sets the mode parameter 
indicating whether user data needs the relocating 
processing before the optical disk drive starts writing the 
user data. In step S33 of the operation described above, 
the controller 9 determines whether the mode parame- 
ter Indicates that the relocating processing is necessary. 
If the controller 9 determines that the host computer des- 
ignates a mode in which the relocating processing is not 
performed, the controller 9 finishes the performance re- 
sponding to the request to write the user data. If the con- 
troller 9 determines that the host computer designates 
a mode in which the relocating processing is performed, 
the controller 9 performs step S34. 
[0076] Instead of the mode parameter, the host com- 
puter can inform the optical disk drive whether the relo- 
cating processing is to be performed by setting a com- 
mand parameter that is included in the command re- 
questing to write the user data. The host computer indi- 
cates whether the user data requires the relocating 
processing when the host computer sends the request 
to write the user data in the command parameter. The 
controller 9 determines whether the relocating process- 
ing is required for the user data by checking the com- 
mand parameter. If the relocating processing is not re- 
quired, the controller 9 finishes the performance re- 
sponding to the request to write the user data. If the re- 
locating processing is necessary, the controller 9 per- 
forms step S34. 

[0077] Accordingly, a user can select, if the user does 
not need the relocating processing, a mode where the 
verifying processing is not performed after writing the 
user data in the optical disk 11 . This mode is effective 
for user data such that a constant transfer rate is re- 
quired when the user data is written in the optical disk 
1 1 . Accordingly, the time required to write the user data 
can be reduced since the verifying processing is 
skipped. 



[0078] Another embodiment of the present invention 
is described below. 

[0079] Fig. 7 is a schematic drawing showing a infor- 
mation processing apparatus such as a personal com- 

5 puter61 as an embodiment ofthe present invention. The 
personal computer 61 is provided with a 3.5" floppy disk 
drive 62 as well as a DVD+RW drive 63, an example of 
the optical disk drive described above as an embodi- 
ment of the present invention. The DVD+RW drive 63 

io can be an embedded type or a so-called built-in type. 
The host computer is also provided in the personal com- 
puter 61 . 

[0080] This embodiment provides a personal compu- 
ter 61 that can utilize the optical disk drive 63, which is 
is described in each embodiment of the present invention , 
as a secondary storage apparatus. 
[0081] The optical disk drive 63 is not necessarily in- 
cluded in the personal computer 61 , but can be a stand- 
alone type connected to the information processing ap- 
paratus. The personal computer 61 is not necessarily a 
desk top type, but can be a notebook type. 
[0082] As described above, the data storage appara- 
tus according to the present invention can guarantee the 
reliability of the information written in a designated re- 
gion of a recording medium in response to a user re- 
quest while the data storage apparatus is formatting the 
recording medium in the background. 
[0083] The preferred embodiments of the present in- 
vention are described above. The present invention is 
not limited to these embodiments, but various variations 
and modifications may be made without departing from 
the scope of the present invention. 
[0084] This patent application is based on Japanese 
priority patent application No. 2001 -127592 filed on April 
25, 2001 , the entire contents of which are hereby incor- 
porated by reference. 



1. A data storage apparatus (63) that certifies a re- 
cording medium (11) in background by writing dum- 
my data in said recording medium (11 ) and verifying 
said dummy data, characterized by comprising: 

a buffer unit (8) that temporarily stores data pro- 
vided from an exterior system; and 
a controller unit (9) that receives a request from 
said exterior system to write said data in a des- 
ignated region of said recording medium, writes 
said data in said designated region, 
determines whether said designated region 
has been certified, verifies, if said designated 
region has 

not been certified, said data written in said des- 
ignated region by comparing with the buffered 
data, and writes, if a portion of said designated 
region is found to be defective, a portion of the 
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2. 



3. 



buffered data corresponding to data written in 
the defective 

portion of said designated region, in a prede- 
termined alterative region of said recording me- 
dium (11). 

The data storage apparatus (63) as claimed in claim 
1, characterized in that said controller unit (9) 
does not verify said data if said designated region 
has been certified. 

The data storage apparatus (63) as claimed in claim 
1 , characterized In that 

said data storage apparatus can be set at a 
mode in which said recording medium (11) is 
not certified in the background; and 
said controller unit (9) does not verify said data 
if said data storage apparatus is set at said 
mode. 

. The data storage apparatus (63) as claimed in claim 
1 , characterized in that 

said request from said exterior system indi- 
cates whether the corresponding portion of said 
data needs to be written in said predetermined 
alterative region if said portion of said designat- 
ed region is found to be defective; and 
said controller unit (1 1 ) does not verify said data 
written in said designated region if said request 
indicates that the corresponding portion of said 
data does not need to be written in said prede- 
termined alterative region even if said portion 
of said designated region is found to be defec- 
tive. 

The data storage apparatus (63) as claimed in claim 
1 , characterized in that 

40 

said exterior system informs, before requesting 
said controller unit (9) to write said data in said 
designated region, said controller unit (9) 
whether the corresponding portion of said data 
needs to be written in said predetermined alter- 
ative region if said portion of said designated 
region is found to be defective; and 
said controller unit (9) does not verify said data 
written in said designated region if said request 
indicates that the corresponding portion of said 
data does not need to be written in said prede- 
termined alterative region even if said portion 
of said designated region is found to be defec- 9 
tive. 

The data storage apparatus (63) as claimed in claim 
4, wherein said request from said exterior indicating 
whether the corresponding portion of said data 
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needs to be written in said predetermined alterative 
region if said portion of said designated region is 
found to be defective is sent by said exterior as a 
portion of a command indicating said request to 
write said data in said designated region of said re- 
cording medium (11). 

r. A controller unit (9) that controls a data storage ap- 
paratus (63) that certifies a recording medium (11) 
in background by writing dummy data in said re- 
cording medium (11) and verifying said dummy da- 
ta, characterized in that said controller unit (9) 
causes said data storage apparatus to receive a re- 
quest from an exterior system to write said data in 
a designated region of said recording medium (11), 
write said data in said designated region, determine 
whether said designated region has been certified, 
verify, if said designated region has not been certi- 
fied, said data written in said designated region by 
comparing with the buffered data, and write, if a por- 
tion of said designated region is found to be defec- 
tive, a portion of the buffered data corresponding to 
data written in the defective portion of said desig- 
nated region, in a predetermined alterative region 
of said recording medium (11). 

An information processing system (61), character- 
ized by comprising: 

a host computer; 
a recording medium (11); and 
a data storage apparatus (63) connected to 
said host computer, capable of certifying said 
recording medium (11) set therein in back- 
ground by writing dummy data in said recording 
medium (11) and verifying said dummy data, 
stores data provided from said host computer, 
receives a request from said host computer to 
write said data in a designated region of said 
recording medium (11), writes said data in said 
designated region, determines whether said 
designated region has been certified, verifies, 
if said designated region has not been certified 
in the background, said data written in said des- 
ignated region by comparing with the buffered 
data, and writes, if a portion of said designated 
region is found to be defective, a portion of the 
buffered data corresponding to data written in 
the defective portion of said designated region, 
in a predetermined alterative region of said re- 
cording medium (11). 

A method of writing data provided from an exterior 
system, in a recording medium (11), characterized 
by comprising: 

a step of receiving a request from said exterior 
system to write said data in a designated region 
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of said recording medium (11); 
a step of writing said data in said designated 
region; 

a step of determining whether said designated 
region has been certified; 
a step of verifying, if said designated region has 
not been certified, said data written in said des- 
ignated region; and 

a step of writing, if a portion of said designated 
region is found to be defective, a portion of said 
data corresponding to data written in the defec- 
tive portion of said designated region, in a pre- 
determined region of said recording medium 
(11). 



20 



25 



30 



35 



40 



45 



50 



10 



9 



EP 1 253 590 A2 




SDOCID:<EP 1253590A2 I > 



10 



.1 • ' 

EP 1 253 590 A2 




< CD O Q UJ 

CNj CNI CSI CSl CSJ 

O O O O O 

Ll C Ul El Gl 



11 



EP 1 253 590 A2 



FIG.3 



C 



REQUEST FOR 
STORING USER DATA 



PERFORMING 
THE STORING OF 
USER DATA 



S2- 



IS FORMATTING 
PROCEEDING IN 
BACKGROUND? 



S3- 



C 



VERIFYING, 
CERTIFYING, 
RELOCATING 



END OF STORING 
USER DATA 



3 



12 



EP 1 253 590 A2 



FIG.4 



C 



S11 



S12 



S13 



S14 



C 



REQUEST FOR 
STORING USER DATA 



PERFORMING 
THE STORING OF 
USER DATA 



VERIFYING, 
CERTIFYING, 
RELOCATING 





END OF STORING 
USER DATA 



>KOOCID: <EP 1253590A£J_> 



13 



EP 1 253 590 A2 



FIG.5 



C 



REQUEST FOR 
STORING USER DATA 



3 



S21 



PERFORMING 
THE STORING OF 
USER DATA 



S22 



IS FORMATTING 
PROCEEDING IN 
BACKGROUND? 



S23 



IS THE APPARATUS 
SET AT CERTIFYING MODE? 



S24 



VERIFYING, 
CERTIFYING, 
RELOCATING 



EP 1 253 590 A2 



FIG.6 



C 



S31 



S32 



S33 



S34 



C 



REQUEST FOR 
STORING USER DATA 



PERFORMING 
THE STORING OF 
USER DATA 




VERIFYING, 
CERTIFYING, 
RELOCATING 



END OF STORING 
USER DATA 



15 



EP 1 253 590 A2 



FIG.7 



61 




16 



